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Each year, in Poland there are about 6,000 operations in which external surgical intestinal fistulas, or stomas, are formed. The number of people with stoma is estimated at approximately 20,000. A large part of them reaches many-year postoperative survival, thus allowing for the development of late local complications of stoma, the most common one being parastomal hernia. The incidence of this complication reaches 48% (1) and in a certain proportion of patients parastomal hernia is considered to be an inevitable consequence of stoma formation (2) . Parastomal hernia surgery indications, occurring in approximately 15-20% of patients are: hernia incarceration, obstruction incidents, pain, giant hernia, problems with using stomal equipment, hernia associated with other local stomal complications, and cosmetic aspects.
Parastomal hernia still presents a challenge in the 21 st century. It must be emphasized that the literature from around the world on that topic is rather scant. Also in Poland, there have been only a handful of publications on this topic (3-10). There is no commonly acceptable definition or classification of this condition; likewise, there is no single surgical approach considered to be a standard in the treatment of this pathology. The available surgical techniques include stoma relocation, fascia repair, and procedures with the use of synthetic material.
The issue of parastomal hernia classification has also not received much attention in the literature. Generally, authors restrict themselves to presenting the kind of stoma with which the hernia is associated. Thus, this criterion may be the basis for the first, fundamental division of hernias into paracolostomal, paraileostomal, and paraurostomal ones.
Rubin et Bailey presents a parastomal hernia classification based on anatomical criteria (11). This classification involves four types of hernias or pseudohernias. The first type is the true parastomal hernia with a peritoneal hernia sac penetrating through a dilated stomal canal. The hernia sac may be located in the subcutaneous tissue or intramurally. The second type is intrastomal hernia, associated with stomal prolapse when the stomal sac is formed by the serous membrane of the prolapsed intestine. This space may be penetrated by an intraperitoneal organ constituting the contents of this hernia. The third and fourth types are not true hernias, however, they may cause signs and symptoms similar to those of hernia, for which they are sometimes mistaken. The third type is the so-called subcutaneous prolapse, i.e. a situation in which excess bowel forms a loop in the subcutaneous tissue, presenting as peristomal protrusion, especially while standing. Differentiating this condition from true parastomal hernia is especially important, as in the case of subcutaneous stomal prolapse there is no, or only a slight, dilation of the stomal canal. The fourth type is classic pseudohernia, generally located laterally to the rectus abdominis muscle and associated with enervation and weakness of muscles in this area.
Devlin's classification also consists of four types of parastomal hernia (12) . The first type is interstitial hernia, with the hernia sac located between the layers of abdominal muscles. The second type is subcutaneous hernia, with the hernia sac penetrating into the subcutaneous tissue. The third type is intrastomal hernia, and the fourth type is peristomal hernia associated with stomal prolapse.
The existing classifications of parastomal hernias are of little clinical value. This is supported by the fact that they have not been used in any publication presenting surgical treatment results in parastomal hernia. The above classivications by Rubin and Devlin include categories that are not actually parastomal hernias, which leads to a lack of clarity. In the Devlin classification, determining the type of hernia based on medical examination is not possible. Moreover, these classifications do not include recommendations on the choice of surgical approach in the cases where surgical treatment is indicated. These disadvantages clearly indicate a need for developing a new classification of greater clinical usefulness.
The aim of this paper was to present a suggested classification of parastomal hernias, based on structural criteria and its use in the selection of surgical approach.
MATERIAL AND METHODS
The study group consisted of patients registered in Outpatient Stoma Clinic at Bielański Hospital in Warsaw, who had been diagnosed with parastomal hernia, defined as a kind of postoperative hernia associated with an external surgical intestinal fistula, and had indications for surgical treatment of this stomal complication. These were patients with a stoma formed due to adenocarcinoma of the colon, complicated diverticular disease, ischemia of the colon, urinary bladder cancer, or cervical cancer. These patients underwent a reconstructive procedure of their parastomal hernia with a surgical technique involving the placement of a monofilament polypropylene mesh in the preperitoneal space and repair of co-existing stomal complications using adequate variants of surgical techniques for a given parastomal hernia type. Fifty-two patients were included in the study. Among those were 32 women and 20 men aged from 51 to 82 (the mean age was 69.2). All parastomal hernia procedures described in this paper were conducted between June 6, 2002 and November 12, 2007 . This is the most numerous group of patients operated in a single center in Poland and one of those most represented in literature on the subject.
Based on our own studies and clinical experience, we have suggested a classification of parastomal hernias based on structural criteria. We divided all hernias into four groups. Hernias could be qualified into their appropriate types based on a physical examination, which makes the suggested classification a simple tool, useful in every-day practice. Each parastomal hernia type requires selecting a suitable surgical approach. Thus, it has a practical application as it helps to select a suitable surgical technique. It may be also used for identification of homogeneous groups of patients and therefore allows for a reliable and objective comparison of treatment outcomes. The criteria of including a given case to a specific category and the surgical procedures suggested for a given type of parastomal hernia are presented below. Type I includes small, isolated parastomal hernias, without co-existing cicatricial hernia and without anterior abdominal wall deformation ( fig. 1 ). There may be additional local stomal complications such as prolapse and skin lesions. Hernia incarceration is common. Indications for surgery are recurrent incarceration episodes, local pain, and coexisting local stomal complications. A suggested surgical technique for type I parastomal hernias is reconstructive surgery with direct access via a paramedian incision or L-shaped incision, which helps to better expose the hernia orifice. The stomal cutaneous opening is not relocated.
Type II involves parastomal hernias with associated cicatricial hernia, without considerable deformation of the abdominal wall ( fig. 2 ). There may also be additional local stomal complications, such as prolapse or skin lesions. Hernia incarceration is also a common occurrence. Indications for surgery are recurrent incarceration episodes, coexisting local stomal complications, and a large size of cicatricial hernia. The suggested procedure involves a simultaneous repair of both hernias via combined laparotomy and direct access approach.
Type III includes large, isolated parastomal hernias without coexisting cicatricial hernia ( fig. 3 ). This hernia type is characterized by anterior abdominal wall deformity, usually with an adipose-cutaneous apron. Cutaneous lesions and stomal prolapse are common. Indications for surgery are: giant parastomal hernia, problems with using stomal equipment, and hernia incarceration episodes. The suggested surgical technique is hernia repair with direct access via transverse incision, with proximal stoma relocation and anterior abdominal wall reconstructive procedure.
Type IV includes large parastomal hernias with co-existing cicatricial hernia (fig. 4 ). This type of hernia involves abdominal wall deformity, typically with an adipose-cutaneous apron. Skin lesions and stomal prolapse are common. Indications for surgery are: giant parastomal hernia, giant cicatricial hernia, frequently with associated pain, difficulties in using stomal equipment, and hernia incarceration episodes. The suggested surgical technique involves a simultaneous repair of both hernias with proximal relocation of the stoma opening using direct access via a transverse incision and a reconstruction of the anterior abdominal wall.
Examination results were included in a statistical analysis. The resulting data were entered into an MS Excel® database. The comparison of nominal scale variables was achieved with the use of contingency tables analyzed with the conventional chi-square test (with the use of Yates' correction in some cases of small sample size). Spearmann's correlation coefficients were calculated for some variables. For any comparisons, critical values for tests were set for p = 0.05 (p values of ≤0.05 were considered statistically significant).
RESULTS
In 44 patients from the study group were diagnosed with primary hernia, and 8 were diagnosed with recurrent hernia. In one case of recurrent hernia it was another recurrence. There were 11 type I hernias, 7 type II hernias, 24 type III hernias, and 4 type IV hernias in the study group. Table 1 shows the number of hernias stratified by type in the primary and recurrent groups, as well as broken down by sex. No statistically significant relationship was found between the type of hernia and patient's sex for p values = 0.05, however such relationship was found for p values = 0.1, which may be associated with small sample sizes within the study group. The leading cause of the surgery and stoma formation in patients with all hernia types was rectal adanocarcinoma. The second most common cause for this complication was diverticular disease. Other causes were responsible for individual cases. No statistically significant relationship was observed between the cause of the procedure and hernia type (tab. 2).
A statistically significant difference between BMI values for the individual hernia types was observed. Patients with type I hernia had the lowest mean BMI value and patients with type IV hernia had the highest mean BMI value. The mean BMI value for type I hernias was slightly above the upper limit of normal, the mean BMI values for type II and III hernias were within the overweight range, with the mean BMI value in type III hernia cases higher than those of type II hernia, and the mean BMI value for type IV hernias was in the obesity range (tab. 3).
Indications for surgery included: history of incarcerated hernia and intestinal obstruction episodes, problems with the use of stomal equipment, local discomfort, also associated with the coexistence of local stomal complications, and giant hernias. The most common indications for surgery were hernia incarceration and intestinal obstruction in type I hernias; local discomfort in type II hernias; and giant hernia size in type III and IV hernias (tab. 4).
All patients underwent parastomal hernia repair, in most cases complemented with additional elements of surgical procedure depending on hernia type. In the cases with co-existing postoperative cicatricial hernia, i.e. in parastomal hernia types II and IV, which happened in 11 cases (21.1% of all pa- tients) simultaneous repair was conducted. Also, the following procedures were performed: abdominal wall reconstruction, segmental resection of the colon, bowel fixation in the case of coexisting prolapse, and stoma relocation. In type I hernia group the above surgical procedure elements were conducted only in individual cases. In type II hernia group, the most common procedure was abdominal wall reconstruction. In type III and IV hernia groups, with the exception of bowel fixation, the remaining elements of surgical procedure were performed in almost every case. Direct access or laparotomy were used. In type I and II hernias direct access and laparotomy rates were similar, however, in type III and IV hernias, the direct access approach was used almost exclusively. The size of the mesh was directly proportional to the size of hernia orifice and its surface was considered to be an indirect measure of the hernia defect. The mean size of the mesh used in the study group was 440 cm 2 . The smallest mean mesh surface was observed in the group with type I hernia, and the largest in the group with type IV hernia. A larger mesh size was used in the groups with hernia and a coexisting postoperative cicatricial hernia. The reported differences of the mesh sizes used for individual types of parastomal hernia were statistically significant (tab. 5).
The issue of postoperative complications will be the topic of a separate manuscript.
The postoperative follow-up period was 44 to 109 months. The mean duration of follow-up was 58 months. There were 5 cases (9.6%) of parastomal hernia recurrence in the study group. Recurrences were observed in type II and III hernia groups. There were 2 (28.6%) hernia recurrences in type II hernia group and 3 recurrences in type III hernia group (10%) (tab. 6).
DISCUSSION
Patients with parastomal hernia present with various symptoms and clinical problems: ranging from a small peristomal protrusion to giant disfiguring hernia inhibiting every-day life, from asymptomatic hernia to symptoms of hernia incarceration, dictating the need for emergency surgical intervention, from full tolerance to serious stoma-acceptation issues resulting from problems with the use of stomal equipment. A parastomal hernia classification that systematizes various clinical presentations stemming from the same cause would be useful in the planning of surgical treatment of this pathology, as well as in assessing and comparing of treatment results. Although the classifications by Rubin and Devlin presented in the introduction are based on anatomical parameters, they do not provide clear recommendations as to the selection of surgical approach (11, 12). Another considerable limitation of those classifications is the fact that they also include other peristomal pathologies, such as stomal prolapse, which results in a lack of clarity and usefulness. Moreover, hernia types in Devlin's classification cannot be differentiated based on medical examination. These classifications have not been used in any publication presenting the results of surgical treatment in parastomal hernias. This is one of the reasons why it is very difficult to compare the results achieved with individual surgical procedures. Even though it has been possible to identify groups that are homogeneous with respect to stoma type, underlying defect surface to body surface, the ratio of hernia sac volume to abdominal cavity volume, the number of prior repair procedures, history of prior mesh use, indications for primary surgery, the incision type and location, hernia reducibility, hernia location, and recurrence risk factors. The European Hernia Society classification of postoperative hernias eventually included the following variables: hernia location, divided into midline and lateral abdominal hernias, each divided into several subgroups, the presence of recurrent hernia, together with the length and width of hernia defect. Additionally, considering the diameter of hernia defect as a parameter significant for hernia repair, three subgroups have been identified, with hernia defect diameter up to 4 cm, between 4 cm and 10 cm, and over 10 cm, respectively. This classification, though specific, is detailed, and therefore impractical. The following variables were included in an attempt to maximally simplify the new classification of parastomal hernias: hernia size, additional postoperative hernia and abdominal wall deformation affecting the use stomal equipment. Hernia size is one of the variables considered in qualification of a given hernia to a specific hernia type, with the variables classified as "minor" or "major." The value of this variable can be described numerically with the use of imaging examinations, e.g. ultrasound or CT scans. For a more detailed evaluation, other variables may be additionally considered, e.g. ratio of hernia sac volume to abdominal cavity volume, or the ratio of defect surface to body surface. However, such formulation of the classification will result in it becoming too complicated and impractical for routine use. Terms such as "small," "giant," or "large" are used in other clinical situations, e.g. inguinal hernias, and are usually well understood and interpreted by surgeons.
According to a statistical analysis of the results, the parastomal hernia types identified based on structural criteria differ with respect to such parameters as BMI, indication for surgery, or hernia recurrence rates. Thus, these facts indicate that a classification based on simple criteria and divided into four types reflects more profound differences between patient groups. disease, or demographic characteristics, such homogeneity with respect to the key parameter, decisive for the result of surgery, i.e. the parastomal hernia type has been impossible. It is difficult to compare surgery results of giant parastomal hernias coexisting with other stomal complications and postoperative cicatricial hernias, with treatment results of small asymptomatic hernias of questionable rationale for surgical treatment in the first place.
The indications and qualification criteria for surgery are also rarely included in papers presenting the results of parastomal hernia treatment. With the high incidence of parastomal hernias, this stomal complication as such, as mentioned before, is not a sufficient indication for surgery. Undoubtedly, a group of patients can be identified among patients with parastomal hernia, where qualification for surgery solely on the basis of hernia diagnosis leads to relatively good outcomes, irrespective of the technique used. However, this may be incomparable with the results of other authors, named above. Also, the issue of surgical access in parastomal hernia surgery, the so-called conventional (open) versus laparoscopic approach, constitutes a currently controversial problem. The authors of this paper are currently working to establish detailed guidelines for the use of optimal surgical approach in terms of surgical access. It is undoubtedly a complex problem, for to the above reasons among others, and it is not the subject of this paper.
If parastomal hernia is, according to the definition, classified as postoperative hernia, a question arises whether the established postoperative hernia classifications could be used to describe it. Postoperative hernias also need an established uniform commonly accepted classification. In order to meet this need, a group of experts from the European Hernia Society established the framework for such classification. However, parastomal hernias have been excluded, because despite the fact that they constitute a part of postoperative hernias, they have their specific characteristics and treatment methods (13) . The following variables had been considered in the European Hernia Society classification: hernia defect size, hernia sac size, the number of hernia orifices, patient's BMI, the ratio of
